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Abstract
In this paper we propose a thematic focus on aesthetics in the context of an inter-
disciplinary collaboration between mathematics and literature (Language Arts) as
a way to further students’ reflections on and deeper understanding of what char-
acterizes the two subjects. Furthermore, we argue that approaching aesthetics
through the perspective of literacy can potentially strengthen students’ under-
standing of ways of thinking particular to specific (academic) disciplines; ways of
thinking that are otherwise often hidden when teaching focuses on more prag-
matic aspects. G. H. Hardy’s A Mathematician’s Apology from 1940 serves as
the recurring illustrative example in our discussions of the pedagogical potentials
of an interdisciplinary rendezvous between mathematics and literature.
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1. Introduction
It is generally recognized, at least in the scientific community, that aesthetics
is an essential dimension of the nature and epistemology of mathematics, see
for example [9].1 However, in primary and secondary educational settings,
it is fair to say that the aesthetic dimension is rarely given much notice.
In primary and secondary mathematics textbooks, for instance, it is highly
unusual, if not unheard of, to find chapters or sections where the aesthetic
dimension of mathematics is the thematic focus. Likewise, the aesthetic di-
mension is not part of international assessments such as PISA and TIMSS.
In the Danish context, which is our primary reference in this paper, the
aesthetic dimension is absent from the regulatory documents for the sub-
ject of mathematics in both primary and lower secondary school and upper
secondary school [5, 6].
There might undoubtedly be some sensible reasons for prioritizing other el-
ements and not emphasizing aesthetics in mathematics teaching, but this is
not the issue we wish to address in this paper. Instead, the purpose of this
paper is to argue for the status and pedagogical potential of the aesthetic
dimension as a thematic focus in mathematics teaching in particular when
realized in an interdisciplinary setting.2 We will thus conduct our line of
argument within an interdisciplinary framework consisting of collaboration
between mathematics and Language Arts (LA), focusing in particular on the
literature part of the LA curriculum.
There are several reasons for this approach. Firstly, it is our theoretically
founded assumption that an interdisciplinary approach can strengthen the
pedagogical potentials of working with aesthetics as a thematic focus. Sec-
ondly, we consider collaboration between mathematics and LA to be par-
1 A precise definition of aesthetics is provided later.
2 Other authors have also emphasized the importance of aesthetics in mathematics
teaching, see for example [38]. Several of the articles in the special issue of the Journal of
Humanistic Mathematics on the nature and experience of mathematical beauty are also
on this topic; see https://scholarship.claremont.edu/jhm/vol6/iss1/. Our work
here is in some ways parallel to these works, though our main goal is to argue for an
interdisciplinary emphasis, tying aesthetics, mathematics, and literature to one another in
productive ways.
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ticularly advantageous with regard to the aesthetic focus and to allow for a
different and more balanced form of interdisciplinary collaboration than is
usually the case in interdisciplinary settings involving mathematics. Thirdly,
there are interesting similarities and differences between mathematics and LA
regarding the aesthetic dimension. Thus, it is interesting to study how the
comparison between the ideas of beauty in mathematics and in literature and
poetry can shed light on these similarities and differences between the two
subjects and to explore the pedagogic potentials in this kind of comparisons.
Besides interdisciplinarity, the other main component in our line of argu-
ment is disciplinary literacy, which is an established concept within literacy
research. In this paper, we will apply disciplinary literacy as the theoreti-
cal framework for our analysis and discussion of the aesthetic dimensions of
mathematics and literature as we consider the concept of disciplinary literacy
to be especially well suited for understanding and describing the pedagogical
potentials of interdisciplinary collaboration between the two subjects. Using
this theoretical framework, we wish to point to aesthetics as a way to further
students’ access to disciplinary content and content knowledge.
It is important to emphasize that what we lay forth in this paper is a the-
oretical contribution to the discussion of aesthetics as a thematic focus in
mathematics (and LA) teaching. It is not an empirical study, and thus, the
paper does not offer empirical data or experiences from classroom imple-
mentations that are analyzed using a specific methodology and producing
a specific result. We acknowledge that the lack of empirical support might
be considered a flaw by some, but, on the other hand, we maintain that
theoretical reflections are essential both in scientific work in general and in
comparative discipilinary didactics. As such, the arguments we develop in
the paper can provide the theoretical basis for future empirical studies.
In order to provide a specific reference for our theoretical reflections, we
center our line of argument on an illustrative example. For this purpose,
we have selected the mathematician G. H. Hardy’s famous essay A Math-
ematician’s Apology from 1940 [14]. As the reader may well know, in this
text, Hardy accords a prominent status to beauty and aesthetics as a core
element of mathematics and mathematical activity. Furthermore, he uses
numerous literary examples and comparisons as part of his reasoning. Using
Hardy’s Apology as the example for our argument, we focus on upper sec-
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ondary teaching of mathematics and literature in LA, as we deem Hardy’s
text most appropriate for this grade level. It should also be mentioned that
our main reason for looking into LA alongside mathematics is that aesthetics
is a core topic in the LA curriculum in Danish upper secondary school. It fea-
tures as an essential element in the general description of LA: “Through the
intensive reading of texts in a broad sense of this notion, the discipline links
linguistic, historical, and aesthetic perspectives and thus leads to interactions
between experience, analysis and interpretation” [7, our translation].
We build our line of argument in three main steps. As the first step, we
explain the theoretical jumping-off point for the ensuing reflections and dis-
cussions in the paper, more specifically the concepts of disciplinary literacy,
aesthetics, and interdisciplinarity (§2). Likewise, as a backdrop for what is
to come, we outline some of the challenges related to aesthetics and interdis-
ciplinarity in the two school subjects of mathematics and LA (§3). As the
second step, we turn to the illustrative example and present Hardy’s idea of
beauty in mathematics as laid out in the Apology (§4). This idea in turn
serves as the point of reference for the following explication of the notion
of beauty in poetry among Hardy’s contemporaries (§5) as well as for the
discussion of Hardy’s comparisons of beauty in mathematics and literature
(§6), which conclude the second step. As the final step, we address the ped-
agogical potential of an interdisciplinary collaboration between mathematics
and literature (in LA) from the perspective of disciplinary literacy (§7). We
close our argument by also taking into account the question of so-called dis-
ciplinary identity (§8), before drawing our conclusions (§9).
2. Disciplinary Literacy, Aesthetics, and Interdisciplinarity
Among scholars and researchers, the concept of literacy has been and still is
the subject of much debate and dispute as to its proper meaning and use.
While acknowledging the importance of this intricate theoretical discussion,
we refrain from dwelling on it in this paper. When using the term literacy,
we refer to the definition proposed by Skjelbred and Veum: “Literacy signi-
fies the ability to interpret, produce, and reflect on texts” [39, page 18, our
translation]. Following from this definition, disciplinary literacy designates
the specialized literacies connected to different content areas, professions,
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or domains, and it is characterized by distinct discursive conventions in the
form of specialized ways of using verbal language, as well as other semiotic
modalities, to shape knowledge and meaning [2, 26, 36, 37]. Several studies
on disciplinary literacy point to this intrinsic interdependence between dis-
ciplinary content and discursive form as a particularly demanding challenge
when students, or people in general, learn and try to master a specific subject
or discipline:
The complexity of the process of learning to be literate in a con-
tent area lies in the fact that these skills are interdependent. That
is, being able to access content knowledge depends at some level
on one’s understanding of the discursive conventions of the con-
tent area. In a similar manner, developing strong interpretive or
rhetorical skill in a content area requires that one understands
the relevant content concepts. [32, page 45]
In an educational context, the interplay between content knowledge and dis-
cursive conventions pointed to by Moje and colleagues [32] applies to all
curricular areas of a given school subject. However, from the perspective
of disciplinary literacy, we contend that the comparison of the aesthetic di-
mension of different subjects is interesting because this dimension, like dis-
ciplinary literacy, concerns the interaction between content and form within
the subject in question. Focusing on the aesthetics of a subject is an invita-
tion to contemplate and reflect on the specific relationship between content
(content knowledge) and form (discursive conventions) that characterizes the
aesthetics of this subject. In this sense, the aesthetics of a subject represents
a direct way of addressing the disciplinary literacy of the subject and gaining
insight into the interplay between content knowledge and discursive conven-
tions that is distinctive to the subject in question. In the context of teaching,
such insight might also influence and expand the students’ perceptions of the
subject at hand. Inspired by Gee [12, 13], we choose to rephrase the matter of
students’ perceptions of a given subject as a question of disciplinary identity.
Here, we understand disciplinary identity as how a person is recognized and
recognizes him- or herself as a member of a disciplinary community ([12, 13],
also see [30, 35] for the related concept of a mathematical identity).
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The concept of aesthetics covers a wide field: from its looser everyday use,
referring to beautiful phenomena such as architecture, works of art, or expe-
riences in nature, to philosophical and theoretical discussions from the 18th
century and onwards. While this paper is by no means intended as a contri-
bution to the general philosophical discussion of the concept, defining what
we mean by mathematical and literary beauty in the following paragraphs
requires a short definition of aesthetics.
In Aesthetica (The Aesthetics) from 1750 [1], the German philosopher Baum-
garten makes a distinction between the beauty of objects (and materials) and
the beauty of thoughts and experiences [41, page 18]. The Danish philoso-
pher Jørgensen has developed Baumgarten’s ideas, highlighting four different
perspectives on aesthetics: Metaphysics of beauty, art theory, philosophy of
art, and philosophical aesthetics [27, page 24]. According to Jørgensen, the
metaphysics of beauty deals with the idea of beauty. Art theory, on the other
hand, focuses on the expression of the artwork, while art philosophy deals
with the nature of the artwork. Finally, philosophical aesthetics focuses on
the aesthetic experience [27]. In our discussion of the potentials in an in-
terdisciplinary collaboration focused on beauty in mathematics and LA, we
primarily refer to Jørgensen’s second category. However, when we discuss
the learning potentials in an interdisciplinary collaboration focused on aes-
thetics in the two disciplines, and consider students’ access to opportunities
to learn, understand, and experience mathematics and poetry, we draw on
a framework that somewhat resembles her fourth category. Jørgensen de-
fines the notion of philosophical aesthetics as a way of thinking that has ‘the
character of feeling, perceiving, and sensing’ [27, page 23, our translation],
a definition that resembles the understanding of aesthetic reading within
literature pedagogy.
In relation to interdisciplinarity, Jantsch’s taxonomy for distinguishing be-
tween five different kinds of ‘disciplinarity’ [21], placed on a spectrum ranging
from (1) multidisciplinarity to (5) transdisciplinarity, is often used. While
multidisciplinarity indicates that the individual disciplines exist side-by-side
in the educational system, transdisciplinarity indicates such a degree of in-
terdisciplinary collaboration that the individual disciplines become invisible,
such as when collaboration between biology and chemistry becomes biochem-
istry. Ulrichsen [43] argues that the three kinds of disciplinarity positioned
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between these two poles are what may be considered ‘true’ forms of inter-
disciplinarity in an educational setting: (2) pluridisciplinarity, (3) crossdis-
ciplinarity, and (4) interdisciplinarity proper. In approaches characterized
by pluridisciplinarity, disciplines cooperate to address a common theme, for
instance ‘obesity’, which can be addressed from the perspectives of both so-
ciology and biomedicine. Crossdisciplinarity involves one or more disciplines
acting in support of another discipline, such as when biology relies on mathe-
matical methods to model a purely biological problem, possibly also drawing
on philosophy to clarify certain ethical aspects. Interdisciplinarity proper, in
Jantsch’s terminology, occurs when all involved disciplines are subject to a
common external principle or problem. In such cases, the focus shifts from
the individual disciplines to the connections between them. The situations
for these three types of interdisciplinarity (2, 3, 4) are illustrated in Figure
1 (adapted from [23]).
Figure 1: From left to right: Jantsch’s pluridisciplinarity, crossdisciplinarity, and inter-
disciplinarity proper illustrated as the emphasis (by dark coloring) on subjects (circles) and
connections between subjects (lines) [19, 23].
Another perspective on interdisciplinarity in an educational context is pro-
vided by Lindenskov, who describes the possibility for the subjects (disci-
plines) to mirror one another based on a common theme or problématique
[31]. Although such a perspective may at first seem similar to a pluridis-
ciplinary approach, this need not necessarily be the case, as we will later
illustrate with the common theme of aesthetics.
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3. Mathematics and Literature in Interdisciplinary Settings
Niss describes the discipline of mathematics as having a “five-fold nature” [33].
The first of these is as a scientific discipline of pure mathematics, seeking to
find/create or describe and understand phenomena, relations, mechanisms,
etc. belonging to a ‘particular universe’, usually referred to as mathemat-
ics. The second of the five is that of application, i.e. applied mathematics,
by looking beyond this particular universe to answer questions regarding
extra-mathematical phenomena, relations, mechanisms, etc. Thirdly, math-
ematics is a system of tools, comprising processes and products, which assist
in decision making and actions within other practice areas. A given use of
mathematics as a system of tools may have been the result of previous break-
throughs in either pure or applied mathematics. Fourthly, mathematics is a
teaching subject or ‘school subject’ — at all educational levels. In teaching,
‘mathematics encounters people’s views, beliefs, thoughts, emotions, experi-
ences, etc., which create particular problems and issues that are not to be
found in the same manner in the other natures of mathematics’ [33, page 14,
our translation]. Finally, the fifth nature concerns mathematics as a space
for a particular kind of aesthetic experience. Most people who have had
positive experiences with mathematics have had an ‘a-ha moment’, such as
an epiphany regarding what previously appeared to be an unsolvable prob-
lem. Or they have experienced what previously seemed to be a mishmash of
unrelated rules and procedures suddenly form neatly interrelated structures.
Or they have experienced the coming into being of mathematical objects
with fascinating — or even surprising — features or characteristics. Or they
have discovered that something essentially complex may be formulated — or
proved — in a very simple manner or by means of a very simple idea [33].
The examples are numerous, and in the following section we showcase an
example provided by Hardy in the Apology.
As the reader might imagine, when mathematics enters into an interdisci-
plinary setting, its five natures may be valued and weighted rather differently.
In many interdisciplinary educational settings, mathematics merely serves as
a system of tools [20, 25], thus suppressing its other four natures, and in
particular its first nature as a scientific discipline in its own right. This is es-
pecially common when mathematics collaborates with disciplines (subjects)
within the natural sciences — in particular in a school context — since these
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disciplines often rely on mathematical tools, applying mathematical theories,
methods, etc. To some extent, this is also true of collaborations with the so-
cial sciences, not the least with economics [24]. Of course, in some cases
the natural and social sciences may provide mathematics with questions and
problems that serve as catalysts for developments within pure mathematics,
as Hilbert has pointed out [17]. Such examples may bring the first three
natures of mathematics to the forefront in a teaching situation. However, if
a teacher wants to illustrate the fifth nature of mathematics to students, and
perhaps link this aesthetic potential to its scientific nature, the arts seem
to offer something different in terms of interdisciplinary collaborations in an
educational setting. We certainly do not claim to be the first to point out
potential synergies between mathematics and the arts, see e.g. [9, 10, 42];3
our contribution here is to explore the potentials of such a ‘rendezvous’ in
an educational setting centered around the theme of aesthetics.
At the same time, meanwhile, it has been documented that it is difficult to
convey the aesthetic dimension of literature and poetry to students [15, 18].
It is quite common to hear students state that their appreciation of literature
has been ‘destroyed’ rather than enhanced by LA teaching, and that they
cannot see the point in dwelling on the enigmatic phrasing in poems by
Rimbaud, for example. ‘Why can’t he just tell it like it is’, they object.
As such, the aesthetic dimension constitutes a pedagogical challenge in both
LA and mathematics, although the main problem of this challenge differs:
in mathematics, the aesthetic dimension is often neglected, whereas in LA
(here Danish), it does not easily transmit to the students.
It is important to point out that the interdisciplinary collaboration between
mathematics and LA we propose is not about reversing the interdisciplinary
hierarchy to place mathematics as the main subject and LA in an auxiliary
position, or in the opposite direction, to designate LA as supreme and mathe-
matics as a subordinate. On the contrary, the collaboration we envisage is of
a more balanced and integrative kind where both subjects will profit equally.
Following Jantsch’s taxonomy mentioned above [21], the collaboration we
propose would be characterized as interdisciplinarity proper, inasmuch as
3 There is even an annual international conference that explores the many dimensions
of these synergies; see https://www.bridgesmathart.org for more information.
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the collaborating disciplines share a common problem and the focus is on
their connections, similarities, and differences; see also [19]. In other words,
in the ideal case, the subjects come to mirror one another [31].
In the next three sections, we present an example illustrating a possible
foundation for interdisciplinary work, for instance in upper secondary school,
in the form of Hardy’s aforementioned Apology and his views on beauty in
mathematics, as well as various views on beauty in poetry.
4. Hardy’s Perception of Beauty in Mathematics
Hardy was famous for his aphorisms, one of which was: “Sometimes one has
to say difficult things, but one ought to say them as simply as one knows
how” [40, page 47]. This idea of explaining complex matters and results in
a simple — and aesthetic — way is deeply rooted in Hardy’s perception of
beauty in the subject of mathematics. In fact, when reading the Apology, it
is easy to get the impression that Hardy saw mathematics as more closely
related to the arts than to the sciences.
In the Apology, Hardy spends quite a lot of space explaining the role of
mathematical beauty in the work of the pure mathematician:
The mathematician’s patterns, like the painter’s or the poet’s
must be beautiful; the ideas like the colours or the words, must
fit together in a harmonious way. Beauty is the first test: there is
no permanent place in the world for ugly mathematics. [14, page
14]
He addresses the beauty of both mathematical theorems and mathematical
proofs:
The beauty of a mathematical theorem depends a great deal on
its seriousness, as even in poetry the beauty of a line may depend
to some extent on the significance of the ideas which it contains.
[14, page 17]
As an example of one of ‘the most beautiful theorems of the theory of num-
bers’, Hardy mentions ‘Fermat’s two square theorem on the law of quadratic
Uffe Thomas Jankvist, Helle Rørbech, and Jesper Bremholm 133
reciprocity’ [14, pages 17–18]. However, since he deems the proof of this
theorem too difficult an example for non-mathematicians to follow (Euler’s
proof draws on quite a bit of elementary number theory), he instead turns
to Euclid’s theorem and proof for the existence of infinitely many primes,
and Pythagoras’s theorem and proof for the square root of 2 being an irra-
tional number. To illustrate Hardy’s perception of mathematical beauty, we
provide his paraphrasing of the former of the two.
The prime numbers or primes are the numbers
(A) 2, 3, 5, 7, 11, 13, 17, 19, 23, 29, . . .
which cannot be resolved into smaller factors. Thus 37 and 317
are prime. The primes are the material out of which all numbers
are built up by multiplication: thus 666 “ 2 ¨ 3 ¨ 3 ¨ 37. Every
number which is not prime itself is divisible by at least one prime
(usually, of course, by several). We have to prove that there are
infinitely many primes, i.e. that the series (A) never comes to an
end.
Let us suppose that it does, and that
2, 3, 5, . . . , P
is the complete series (so that P is the largest prime); and let us,
on this hypothesis, consider the number Q defined by the formula
Q “ p2 ¨ 3 ¨ 5 ¨ . . . ¨ P q ` 1.
It is plain that Q is not divisible by and of 2, 3, 5, . . . , P ; for it
leaves the remainder 1 when divided by any one of these numbers.
But, if not itself prime, it is divisible by some prime, and therefore
there is a prime (which may be Q itself) greater than any of them.
This contradicts our hypothesis, that there is no prime greater
than P ; and therefore this hypothesis is false. The proof is by
reductio ad absurdum, and reductio ad absurdum, which Euclid
loved so much, is one of a mathematician’s finest weapons. [14,
pages 18–19]
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According to Hardy, a ‘mathematical proof should resemble a simple and
clear-cut constellation, not a scattered cluster in the Milky Way’ [14, page
29]. Euclid’s proof surely fulfills this criterion; it is a proof by contradic-
tion, and the contradiction is established by means of construction, i.e. of a
prime number that is larger than the assumed largest prime number. Hardy
remarks:
I said that a mathematician was a maker of patterns of ideas,
and that beauty and seriousness were the criteria by which his
patterns should be judged. I can hardly believe that anyone who
has understood the two theorems will dispute that they pass these
tests. [14, page 21]
In regard to seriousness, Hardy’s argument is that primes are the very ‘raw
material’ of which we must build arithmetic, and Euclid’s proof ensures us
that we will never run out of ‘raw material’. He then goes on to argue that
neither of the two theorems displayed has the slightest practical importance.
Based on what we know today, for example concerning the use of prime num-
bers in cryptography, we must of course disagree, keeping in mind that Hardy
at the time had some three thousand years to support his observation. Still,
this is not the primary issue of interest in the present paper, where we are
concerned with the perception of mathematical beauty. Yet, Hardy’s insis-
tence on the ‘uselessness’ of the two theorems supports an observation that
Hardy sees mathematical beauty as closely connected to pure mathematics
(Niss’ first and fifth nature of mathematics [33]).
5. Beauty in Poetry From the Perspective of Hardy’s Contempo-
raries
Hardy’s comparison of the beauty of mathematical theorems and of poetry
(and literature) is not unique. A number of poets and literary critics have
compared the poetic style, the accuracy of the metaphor, and the abstraction
of a work of art with mathematical precision and ‘the severe logic’ of a
mathematical problem ([11, page 35]; see [4] for an even earlier comparative
study of mathematics and poetry, and [28] for a more recent exposition on
the same theme.). In the following, we shift our focus to literature studies.
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The context of our discussion is mid-20th century literary criticism; in other
words, perceptions of and thinking about poetry contemporaneous with Har-
dy’s Apology. This allows us to reflect on similarities and differences in the
conceptions of beauty in the two disciplines, to challenge Hardy’s arguments
on literature from the perspective of literature theory, and to point at the
pedagogical potentials in this comparison
In the 1940s and 1950s, New Criticism emerged as a new trend in literary
research and criticism in the United Kingdom and the United States [22].
Two interrelated assumptions about the literary work of art were at the heart
of the movement. While the theory of autonomy expressed the idea of the
poem as an independent entity, freed from the intentions of its author as well
as from history and other contextual circumstances, the theory of structure
embraced the aesthetic unity of the poem’s form and content. Well-known
metaphors such as a ‘crystalline structure’ [11] and a ‘well wrought urn’ [3]
bear witness to the new critics’ understanding of poetry as an autonomous
aesthetic totality.
In this notion of autonomy and in the new critics’ interest in the solitary poem
on the page of a book, it is possible to find analogies to Hardy’s Apology for
pure mathematics. Just as Hardy saw mathematical beauty as a harmonious
relationship between a simple form and ‘severe ideas’, the new critics un-
derstood the relationship between the parts and the whole of the poem as a
pattern of resolved tensions [22]. The graphic expression, the sound of the
poem when read aloud, the significance of metaphors and other tropes, and
the layers of meanings and ideas were seen as parts of an ambiguous and
paradoxical whole. For this reason, poetry, modern as well as older, contains
experiences and ideas of ambiguity and complexity inaccessible through the
meanings and logics of everyday language. Or as Brooks pointed out:
The conventional theories of communication offer no easy solu-
tion to our problem of meanings: We emerge with nothing more
enlightening than this graceless bit of tautology: the poem says
what the poem says. [3, page 74]
The only way to approach the meaning of a poem is to read its ambiguous,
(ironic) and paradoxical utterances through a close reading strategy, working
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one’s way through the complex relations between its layers to gain an un-
derstanding of the unique meaning of its specific unity of content and form
[44]. Reader-response theories criticised this approach to literature, stress-
ing diverse readers’ different readings. In continuation of the new critics’
understanding of the aesthetics of literature, Brooks called literature ‘the
language of paradox’ and stressed that simple literary forms like metaphors,
symbols and paradoxes hold a complexity of thoughts (not unlike Hardy’s
point concerning Euclid’s proof):
I have said that even the apparently simple and straightforward
poet is forced into paradoxes by the nature of his instrument.
Seeing this, we should not be surprised to find poets who con-
sciously employ it to gain a compression and precision otherwise
unobtainable. [3, page 10]
As the critics stress, the beauty of poetry (and literature) is not only a
question of form and rhetoric, but also of a complexity of ideas that lie
beyond everyday language, logic, and reality. However, in his reflection on
the difficulty of poetry, Brooks does not blame the poet, but the reader’s
ability to read such texts:
[. . . ] a great deal of modern poetry is difficult for the reader
simply because so few people, relatively speaking, are accustomed
to reading poetry as poetry. [3, page 76]
This is a challenge which literary pedagogy still tries to address through
reflections on how to teach students to read and understand poetry and
literature [29, 34]. The ideas of New Criticism have had a major impact
on literature teaching in Danish schools from the 1960s and onwards, in
particular in connection with the teaching of modernist poetry. Although
later literary theories break with some of these ideas, such as the theory of
autonomy, other ideas developed by New Criticism have become a basis for
LA literature education.
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6. Hardy’s Perception of Beauty in Literature
In the Apology, Hardy refers to harmonic patterns in literature to highlight
the nature of mathematical beauty, and literary critics from the same period
refer to mathematics to describe the clear-cut form of modern poetry (and
to some extent of literature in general). However, Hardy also points out the
different ways in which patterns of ideas shape mathematical theorems and
literary texts. To demonstrate these differences, he quotes two verses from
Shakespeare’s The Life and Death of Richard the Second:
Not all the water in the rough rude sea/Can wash the balm off
from an anointed King (The Life and Death of Richard the Sec-
ond, Act 3, scene 2)
Hardy makes the following comment:
Could lines be better, and could ideas be at once more trite and
more false? The poverty of the ideas seems hardly to affect the
beauty of the verbal pattern. [14, page 14]
When reading literature and poetry, the perception and saying of the words
may overshadow the weakness of the ideas presented, Hardy stresses. This
does not mean that ideas do not matter in poetry, but it shows, according to
Hardy, that mathematical ideas hold a different gravity and are less affected
by time and history than literary ideas. He uses a quotation from another
Shakespearean drama to illustrate this point:
After life’s fitful fever he sleeps well (Macbeth, Act 3, scene 2)
Hardy finds this verse more beautiful than the previous ones, because:
The pattern is just as fine, and in this case the ideas have signif-
icance and the thesis is sound, so that our emotions are stirred
much more deeply. The ideas do matter to the pattern, even in
poetry, and much more, naturally, in mathematics. [14, page 17]
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Yet, looking at the first passage through the eyes of the literary critics quoted
in the previous section, we must disagree with Hardy’s judgement. When the
verses from The Life and Death of Richard the Second are judged by their
use of ‘the language of paradox’ and of ‘an indirect message’ [3], they form a
beautiful unity of a complex statement and a simple form. What is expressed
as a paradox in the compressed form of the verses would require a much longer
and less aesthetic explanation, if expressed in everyday language.
We would like to make two points here. Firstly, we agree, of course, with
Hardy’s point, that ideas in mathematics and in poetry, in spite of some
similarities, take very different forms. Secondly, we believe that ideas do
matter to the patterns of the expression, both in poetry and in mathematics.
The new critics’ point was, however, that ideas in poetry and literature
transcend established linguistic conventions and thereby open potentials for
new ways of thinking. Yet, to capture the similarities and differences of
the beauty of the two phenomena demands different modes of thinking and
reading. To study the beauty of the verses of a Shakespearean drama or
the beauty of modern poetry, one needs to read ‘poetry as poetry’ [3], just
as one needs to read (and think) mathematics as mathematics in order to
understand the beauty of theorems and proofs of Euclid, Pythagoras, and
Fermat.
In this way, an interdisciplinary rendezvous between mathematics and litera-
ture in an upper secondary school setting has the potential to make students
reflect on disciplinary ways of thinking.
7. Interdisciplinary Potential in a Literacy Perspective
If we now contemplate the question of mathematical and literary beauty and
aesthetics from the perspective of disciplinary literacy, the potential of an
interdisciplinary approach becomes apparent. This is the case because the
aesthetic dimensions of mathematics and literature explicitly illustrate how
discursive form and subject-related content are interwoven in specific ways in
the two subjects, and thus constitute a direct and easily accessible manifesta-
tion of their disciplinary literacy. In this respect, Hardy’s Apology represents
a suitable text for at least two reasons. Firstly, we witness, in this text, a
mathematician’s explicit reflections on the beauty of pure mathematics and
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on how this beauty is the result of a specific relationship between mathemati-
cal content and form. In this sense, you might even say that Hardy’s Apology
constitutes a metatext on disciplinary literacy (of mathematics). Secondly,
Hardy’s essay explicitly invites the interdisciplinary perspective by compar-
ing mathematical and literary beauty as we pointed out and exemplified in
the preceding section.
In regard to the first reason, we saw earlier, using Euclid’s proof as our exam-
ple, how the relationship in question is characterized by ‘a pattern of ideas’
fitting ‘together in a harmonious way’ or in ‘a simple and clear-cut constel-
lation’, thereby showing us pure mathematical reality. It is interesting to
note that Hardy, when speaking about the beauty of mathematics, uses the
term ‘ideas’ and not ‘form’ or ‘language’, which indicates that he adheres
to an essentialist idea of mathematics that does not explicitly recognize the
discursive, the rhetorical, or what we here refer to as the literacy aspect of
mathematics. Nevertheless, his metaphors give him away, so to speak. When
Hardy describes the arrangement of ideas in Fermat’s, Euclid’s, and Pythago-
ras’s theorems and proofs as patterns and constellations, it is a roundabout
way of admitting the importance of the semiotic or discursive arrangement
of these ideas, thereby, following the explanation above, pointing to an as-
pect of the specific disciplinary literacy of mathematics. Furthermore, as the
explanation of Euclid’s theorem presented earlier quite clearly demonstrates,
one of the ways mathematical thinking (constituting patterns and constella-
tions) manifests itself is in the use of a specialized language and mathematical
notation, i.e. disciplinary literacy (see e.g. [24]).
As to the second reason, we saw in the paragraphs concerning the aesthetics
of poetry that, even though Hardy’s comparative approach to mathematics
and poetry helps bring to the fore the aesthetic dimension of mathematics, it
may represents what literary critics contemporaneous with Hardy would have
considered a simplistic view of poetic beauty. Hardy’s view, as displayed in
the Apology, is not sufficiently sensitive to the important differences between
mathematics and poetry. Hence, within the perspective of disciplinary liter-
acy, Hardy’s Apology is interesting because its comparative approach helps
elucidate what constitutes mathematical understanding and the discourse of
beauty. Furthermore, it shows us the difficulty, or maybe even impossibil-
ity, of a given disciplinary literacy (in this case mathematics) representing
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and grasping a phenomenon outside its disciplinary boundaries (in this case
poetry).
In an educational setting in upper secondary school, therefore, it could be
beneficial to let Hardy’s Apology form the textual foundation for the in-
terdisciplinary collaboration between mathematics and LA (in the sense of
interdisciplinarity proper). Having students read Hardy’s text in both math-
ematics and LA — preferably in combination with selected excerpts on lit-
erary aesthetics (e.g. Hugo Friedrich [11]) or, perhaps even better, segments
from essays on poetry by modernist poets (e.g. T.S. Eliot, Charles Baude-
laire or Ezra Pound) — would provide them with a rare opportunity to reflect
upon and discuss aesthetics. This discussion would include aesthetics both
as a general phenomenon (the interconnectedness of form and content), and,
more importantly, as a specific aspect of the disciplinary literacy of the two
subjects.
Through the interdisciplinary collaboration, with its double perspective, the
two subjects might mirror each other’s aesthetic literacy [31], thereby helping
students grasp the specific nature of both mathematics and LA by allowing
them to reflect upon both their shared characteristics and their differences.
Thus, when students contemplate mathematics using the mirror of literature,
it might help them to recognize and better understand what constitutes aes-
thetics in relation to mathematics. It may allow them to appreciate that
aesthetics is an essential dimension of (pure) mathematics — i.e. the nec-
essary and harmonious interconnection between (mathematical) content and
form (semiotic or discursive representation), whereby a unique and perfect
form is given to content that exists as mathematical reality prior to its rep-
resentation. Similarly, studying poetry and poetics as reflected in Hardy’s
mathematical aesthetics might function as a pedagogical opening that sup-
ports students’ appreciation and understanding of poetic language and aes-
thetics as an intrinsic part of literature itself. In other words, discussing
and comparing poetry with examples of the necessary interconnection be-
tween mathematical content and discursive form provided by Hardy might
help students realize that the modernist poet cannot ‘just tell it like it is ’,
because if he tried, ‘it’ would no longer be the same.
At the same time, the interdisciplinary comparison might also encourage
students to reflect upon the differences between mathematical and literary
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aesthetics. For instance, they could discuss how the latter, unlike the former
— at least as implied by Hardy — may be characterized by a complex and
paradoxical parity between content and form, where the content does not
exist prior to the discursive form. Instead, the poem constitutes a new reality
inasmuch as its unique unity of content and form brings forth an aspect of
reality that did not exist before the poet created the poem by putting the
words on paper.4
8. A Question of Disciplinary Identity
We are fully aware that the interdisciplinary collaboration we propose above
is quite an ambitious and challenging approach, not least with regard to the
demands it places on the teachers involved in terms of knowledge and compe-
tencies. That being said, in this paper, we will not examine in further detail
the didactic details regarding the interdisciplinary design, such as questions
about the specific organization of the collaboration between mathematics
and LA or the actual learning activities connected to the students’ work
with Hardy’s Apology. Obviously, questions like these will need to be ex-
plored and specific designs will need to be tested and developed in empirical
settings. This is a task for future research.
In this final part of the paper we will instead dwell on a problématique that is
of a theoretical nature, but nevertheless closely connected to what happens
when Hardy is introduced in interdisciplinary educational settings. This
problématique regards the question of disciplinary identity. As explained
earlier, disciplinary identity signifies how a person is recognized and rec-
ognizes him- or herself as a member of a disciplinary community. It is a
discursive-performative or ‘Meadian’ concept of identity that differs strongly
from an essentialist or ‘Eriksonian’ perspective on identity as a ‘core’ entity
of a person [8] and, as mentioned, our conceptualization of it here is primarily
inspired by Gee [12, 13].
We have argued that the interdisciplinary collaboration enabled by Hardy’s
4 We are aware that this touches upon a long-standing debate between a Platonic and
a constructivist notion of mathematics as a phenomenon, see e.g. [16], but in this paper,
we will not go further into this intricate philosophical discussion.
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Apology, with its twin perspectives on the aesthetic literacy of mathematics
and literature, allows students to approach and gain insight into the specific
nature of the two disciplines. In other words, we argue that the interdisci-
plinary collaboration has the potential to let students grasp what it actually
means to be a mathematician, a poet, or a literary critic — what it means
‘to think mathematics as mathematics’ and ‘to read poetry as poetry’. Gee
stresses the discursive-performative nature of his notion of identity by using
the composite ‘being-doing’ when pointing out that identity is a question of
being-doing a recognizable social person in a given context [13]. Further-
more, he points out that being-doing a social identity manifests itself by
integrating ways of “talking, listening, writing, reading, acting, interacting,
believing, valuing, and feeling (and using various objects, symbols, images,
tools, and technologies)” [12, page 719]. In this sense, allowing students ‘to
think mathematics as mathematics’ and ‘to read poetry as poetry’ through
the interdisciplinary work with Hardy’s Apology is a way of giving them the
opportunity to be-do the disciplinary identity of a mathematician and of a
poet or a literary critic. In addition, it allows students to discuss and reflect
on the characteristics of these disciplinary identities, and it could thereby
potentially provide students with a valuable meta-perspective on mathemat-
ics and literature as school subjects, which, in turn, may help them gain a
better understanding of the relationship between between mathematics and
literature as school subjects and as professional disciplines.
As such, the interdisciplinary approach to Hardy’s work might stimulate
a broader understanding of mathematics among students, helping them to
identify mathematics as something more than a school subject and a system
of tools (cf. Niss’s description of the five-fold nature of mathematics [33]
mentioned above). Likewise, regarding literature, the approach could enable
students to move beyond a view of the subject as a scholastic and analytical
exercise, and instead to see and recognize literature as a unique form of
expression that allows humans to interpret themselves and the world around
them in a free and artistic format.
9. Concluding Reflections
In this paper, we have drawn attention to the theme of aesthetics as a path to
a deeper understanding of both mathematics and literature within the (upper
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secondary) school subjects of mathematics and Language Arts — and, not
least, as an opportunity to reflect on differences and similarities between
the two subjects from the perspective of comparative disciplinary didactics.
From a theoretical standpoint, we have argued — and attempted to illustrate
through a detailed example — that interdisciplinary collaboration between
mathematics and literature (in LA) with aesthetics as a focal point may
foster students’ disciplinary literacies.
We believe we have illustrated a potential way of providing students with
an opportunity to understand disciplinary ways of thinking from positions
inside and outside the two subjects of mathematics and LA by establishing a
mirroring between the two subjects through interdisciplinary collaboration.
More precisely, the interdisciplinary collaboration regarding Hardy’s essay
presents students with an opportunity to see and understand beauty and
aesthetics within and between the thinking of the two different subjects, to
understand disciplinary problématiques (also in historical and epistemologi-
cal contexts), and thus to widen the scope of school-based literacy tradition-
ally connected to the two subjects. Although aesthetics forms a pedagogical
challenge in teaching literature, as explained above, and even though it is of-
ten not present in mathematics teaching, we argue that aesthetics approached
through a literacy perspective possesses potentials to further students’ un-
derstanding of the subjects’ basic ways of thinking that are usually hidden in
school settings that are often focused on teaching procedures and methods.
References
[1] A.G. Baumgarten, Aesthetica, Johannis Christian Kleid, Frankfurt,
1750/1758.
[2] J. Bremholm, “Læringsmål i literacyperspektiv: En replik til artiklerne
af I. Carlgren og P. Hobel”, CURSIV, Volume 19 (2016), pages 159–174.
[3] C. Brooks, The Well Wrought Urn: Studies in the Structure of Poetry,
Hartcourt, Brace & World INC, New York, 1947.
[4] S. Buchanan, Poetry and Mathematics, The John Day Company, New
York, 1929. Republished in 1962, in Philadelphia, by J. B. Lippincott.
144 An Interdisciplinary Rendezvous
[5] Danish Ministry of Education, Fælles Mål, Matematik (regulatory doc-
ument for primary and lower secondary school mathematics), Undervis-
ningsministeriet, Copenhagen, 2014. Retrieved from http://www.emu.
dk (Aug. 15, 2018).
[6] Danish Ministry of Education, Læreplan Matematik (regulatory doc-
ument for upper secondary school mathematics), Undervisningsminis-
teriet, Copenhagen, 2017. Retrieved from http://www.uvm.dk (Aug.
15, 2018).
[7] Danish Ministry of Education, Læreplan Dansk (regulatory document for
upper secondary school Danish as L1), Undervisningsministeriet, Copen-
hagen, 2017. Retrieved from http://www.uvm.dk (Aug. 15, 2018).
[8] L. Darragh, “Identity research in mathematics education”, Educational
Studies in Mathematics, Volume 93 Issue 1 (2016), pages 19–33.
[9] P. J. Davis, and R. Hersh, The Mathematical Experience, Penguin Books,
London, 1981.
[10] P. Ernest, “Mathematics and beauty”, Mathematics Teaching, Volume
248 (September 2015), pages 23–27.
[11] H. Friedrich, Die Struktur der Modernen Lyrik: Von Baudelaire bis zur
Gegenwart, Rohwohlt, Hamburg, 1956.
[12] J.P. Gee, “Identity as an analytical lens for research in education”, Re-
view of Research in Education, Volume 25 (2000), pages 99–125.
[13] J.P. Gee, “Reading as situated language: A sociocognitive perspective”,
Journal of Adolescent and Adult Literacy, Volume 44 Issue 8 (2001),
pages 714–725.
[14] G.H. Hardy, A Mathematician’s Apology, Cambridge University Press,
1940. The first electronic edition, Version 1.0 available via University of
Alberta Mathematical Sciences Society (2005) online at http://www.
math.ualberta.ca/mss/misc, last accessed on July 19, 2021.
[15] S.E. Henningsen, and B. Sørensen, Danskfagets Didaktik, Dansklær-
erforeningens Forlag, København, 1995.
Uffe Thomas Jankvist, Helle Rørbech, and Jesper Bremholm 145
[16] R. Hersh, What is Mathematics, Really?, Oxford University Press, Ox-
ford, 1997.
[17] D. Hilbert, “Mathematische Probleme — Vortrag, gehalten auf
dem internationalen Mathematiker-Kongreß zu Paris 1900”, Göttinger
Nachrichten, 1900, pages 253 — 297.
[18] G. Ingerslev, “Forestillinger om dansk: En fænomenografisk analyse”,
pages 36–59 in Perspektiver på Dansk edited by H. Rørbech, H., and B.
Meyer (Danish University of Education Press, København, 2004).
[19] U.T. Jankvist, “The construct of anchoring: An idea for ‘measuring’
interdisciplinarity in teaching”, Philosophy of Mathematics Education
Journal, Volume 26 (2011), pages 1–10.
[20] U.T. Jankvist, J.A. Nielsen, and C. Michelsen, “Preparing future teach-
ers for interdisciplinarity: Designing and implementing a course for fu-
ture upper secondary teachers”, Nordic Studies in Mathematics Educa-
tion, Volume 18 Issue 2 (2013), pages 71–92.
[21] E. Jantsch, “Inter- and transdisciplinary university: A systems approach
to education and innovation”, Higher Education, Volume 1 Issue 1
(1972), pages 7–37.
[22] J.F. Jensen, Den Ny Kritik, Berlingske Forlag, Copenhagen, 1962.
[23] K.B. Jensen, “Tværfaglige samspil mellem matematik og historie i gym-
nasiets studieretningsprojekt (SRP)”, MONA, Volume 1 (2010), pages
32–53.
[24] J.H. Jensen, and U.T. Jankvist, “Disciplines and ways of perception:
Linking interdisciplinarity and competences”, pages 119–132 in Teaching
Interdisciplinary Mathematics, edited by T. Sibbald (Common Ground
Publishing, Champaign, 2018).
[25] J.H. Jensen, M. Niss, and U.T. Jankvist, “Problem solving in the border-
land between mathematics and physics”, International Journal of Math-
ematics Education in Science and Technology, Volume 48 Issue 1 (2016),
pages 1–15.
146 An Interdisciplinary Rendezvous
[26] T.L. Jetton, and P.A. Alexander, “Domains, teaching, and literacy”,
pages 15–39 in Adolescent Literacy Research and Practice, edited by T.
L. Jetton, and J. A. Dole (The Guilford Press, New York, 2004).
[27] D. Jørgensen, Den Skønne Tænkning: Veje til Erfaringsmetafysik - Re-
ligionsfilosofisk Udmøntet, Aarhus Universitetsforlag, Aarhus, 2014.
[28] G. Karaali and L. Lesser, “Mathematics and Poetry: Arts of the Heart,”
pages 965–978 in Handbook of the Mathematics of the Arts and Sciences,
edited by Bharath Sriraman (Springer, Cham, 2021).
[29] J.A. Langer, Envisioning Literature, Teachers College Press, New York
and London, 2011.
[30] C. M. Latterell and J. L. Wilson, “Metaphors and Mathematical
Identity: Math is Like a Tornado in Kansas,” Journal of Human-
istic Mathematics, Volume 7 Issue 1 (January 2017), pages 46–61.
doi:10.5642/jhummath.201701.05
[31] L. Lindenskov, “Færdigheder og produktion af udtryk”, CURSIV, Vol-
ume 7 (2011), pages 205–210.
[32] E.B. Moje, K.M. Ciechanowski, K. Kramer, L. Ellis, R. Carrilo, and
T. Collazo, “Working toward third space in content area literacy: An
examination of everyday funds of knowledge and discourse”, Reading
Research Quarterly, Volume 39 Issue 1 (2004), pages 38–70.
[33] M. Niss, “Indledning”, pages 7–18 in Matematikken og Verden, edited by
M. Niss (Forfatterne og Forlaget A/S, Copenhagen, 2001).
[34] L.M. Rosenblatt, Literature as Exploration, The Modern Language As-
sociation of America, New York, 1938/1995.
[35] J. L. Ruef, “What Gets Checked At The Door? Embracing Stu-
dents’ Complex Mathematical Identities,” Journal of Humanistic
Mathematics, Volume 10 Issue 1 (January 2020), pages 22–38.
doi:10.5642/jhummath.202001.04
[36] M.J. Schleppegrell, The Language of Schooling: A Functional Linguistics
Perspective, Lawrence Erlbaum Associates, Mahwah, 2004.
Uffe Thomas Jankvist, Helle Rørbech, and Jesper Bremholm 147
[37] T. Shanahan, and C. Shanahan, “Teaching disciplinary literacy to ado-
lescents Rethinking content-area literacy”, Harvard Educational Review,
Volume 78 Issue 1 (2008), pages 40–59.
[38] N. Sinclair, Mathematics and Beauty: Aesthetics Approaches to Teaching
Children, Teachers College Press, 2006.
[39] D. Skjelbred, and A. Veum, “Literacy i læringskontekster”, pages 11–25
in Literacy i Læringskontekster, edited by D. Skjelbred, and A. Veum
(Cappelen Damm Akademisk, Oslo, 2013).
[40] C.P. Snow, “Foreword to A Mathematician’s Apology”, Cambridge Uni-
versity Press, Cambridge, 1967 edition of [14].
[41] S. Sørensen, Klassisk Poetik i Moderne Tid: Mellem Klassicisme og Ro-
mantik: A.G. Baumgarten, Aesthetica og Johannes Ewald, De Poëseos
natura et indole, Aarhus Universitet, Aarhus, 1992.
[42] P. Taylor, “Mathematics and poetry, The 10th MacClement Lecture”,
1995. Retrieved from: http://www.mast.queensu.ca/%7Epeter/pdf/
MacClement.pdf (Aug. 15, 2018).
[43] L. Ulrichsen, “Tværfaglighed”, pages 267–277 in Introduktion til Pæd-
agogik, edited by F. Held, and F. Olsen (Frydenlund, Frederiksberg,
2001).
[44] R. Wellek, and A. Warren, Theory of Literature, Hartcourt, Brace &
World INC, New York, 1942/1956.
